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The published findings on the electroencephalogram (EEG) in cerebral palsy are not extensive possibly because of the difficulty in obtaining records from these severely handicapped children. An early survey was made by Perlstein, Gibbs, and Gibbs (1946) . Aird and Cohen (1950) found that 85% of spastics and 60 % of athetoids gave abnormal records, but that there was focal pathology in only 32% of athetoids. They suggest that if the EEG shows no evidence of epileptiform disturbance, the chance of a fit occurring is only 1 in 8. They found no correlation between an abnormal EEG and the intelligence quotient.
Pampiglione (1958) reviewing the literature says that there is considerable agreement on four points: (a) asymmetry between the records from the two hemispheres is commoner in hemiplegia, (b) EEG abnormalities are recognizable in most cerebral palsy patients who have seizures, (c) one-third of the cases show normal records, and this is commoner with athetoids than with spastics, (d) there is a smaller proportion of abnormal EEGs among patients whose condition is ascribed to prematurity or anoxia than in those who have a known cerebral injury or infection. Denhoff and Robinault (1960) found that 24 % of a group of 95 cerebral-palsied children had normal records. Lundervold (1960) compared air-encephalographic and electroencephalographic findings and showed that the combined results had some prognostic significance. * Present address: St. Ebba's Hospital, Epsom, Surrey. Melin (1962) stressed the importance of serial EEG examinations and stated that 80 to 85 % of cerebralpalsied children with a history of convulsive disorders showed an abnormal EEG. He particularly mentioned the cases where the EEG findings predicted a future convulsive disorder, and recommended close supervision of the patient and possibly prophylactic anticonvulsant therapy. Jabbour and Lundervold (1963) obtained EEG records on 43 hemiplegic children. They found that epilepsy occurred in equal proportions among those with normal or near normal records, and those with severely abnormal records. But the follow-up showed better control of the epilepsy in children with more nearly normal records. His records appear to have been taken in very young children. Lesny (1963) investigated cerebellar disorders in childhood and stated that a 'synchronous bioccipito-temporal slow wave activity inhibited by eye-opening' was a fairly common finding. Ounsted (1963) made EEG studies of 20 children with cerebellar disease and found 7 with normal records, and varying abnormalities in the remainder.
Present Findings
In reporting the present series of EEG findings, the patients are analysed in rather arbitrary groups according to the major movement handicap of the child. Records were obtained on the majority of patients with cerebral palsy who were being supervised and treated in the clinic. Usually an EEG record was obtained once in early childhood at about the age of 3 years, and again during school life. In patients with epilepsy more frequent records were taken.
Athetosis. In this group of cases 62 records were obtained from 35 patients under the age of 16 years. All showed athetosis. In a few patients there was records, 3 were found in severely physically affected patients, but in all patients with low voltage records the child was very handicapped physically. All the children had been given a prolonged educational trial and only 4 were considered ineducable, and these 4 had very abnormal records.
Hemiplegia. There were 200 records taken of 100 children. These were representative of the various types of hemiplegic children and include cases of severe mental subnormality and some of above average intelligence. There were 61 right and 39 left hemiplegias. In 72 patients the condition appeared to date from birth, and may have been due to cerebral trauma in the perinatal period. In 28 there was a clear history of postnatal cerebral trauma, infection, or ill-defined illness as the cause of the hemiplegia. As there is a high incidence of epilepsy in hemiplegia, the EEG records are of clinical importance. Of these children 41 % (27 right and 14 left) were epileptic, having had either a solitary or occasional fit, or more frequent attacks. There were 12 (42 * 8 %) epileptic patients in the acquired group of 28 hemiplegias, and 29 (40 3 Y.) in the remaining 72, showing no difference in the incidence of epilepsy between the acquired and congenital cases.
Of the 100 patients, 14 showed persistently normal records. In 10 of these, the children were of good average or above average intelligence. In one boy there was a history of three fits at intervals, but three normal EEG records were obtained. In another boy with a recurring normal record there was an airencephalographic finding of severe cerebral atrophy on the suspected side. The boy had an IQ of 80 and no history of fits up to the age of 17 years. Presumably one normal hemisphere was responsible for a normal EEG. In a few cases a normal record in early childhood was followed by a record during school-life showing mild abnormality. These mild changes appeared to be associated with increasing age and had no clinical significance or prognosis.
It is wondered if the high incidence of normal records in Lundervold's series (1960) might not be related to the young age of her cases. In 5 patients the records became more abnormal and were associated with clinical and educational deterioration. In 2 boys, the hemiplegic condition had been caused by a cerebral-vascular incident associated with Fallot's tetralogy. In one girl, the condition had followed tuberculous meningitis, and the deterioration of the EEG record coincided with x-ray evidence of intracerebral calcification. In another girl the deterioration in the EEG was reported at the same time as an increased incidence of epilepsy and a school report of unexpectedly poor performance, and a drop in IQ from 117 to 87. An air-encephalogram showed cerebral atrophy of the expected side. In a fifth case the girl had a progressive condition.
Three children produced a normal record after one reported as abnormal. It showed normal maturation of alpha rhythm. This was associated with complete control of fits in 2 patients.
The records were not a completely reliable indication of the side of the lesion. In some cases the abnormalities in the EEG were diffuse, and there were no focal abnormalities. In 6 the EEG recorded a focal abnormality on the ipsilateral side of the movement handicap: 5 of these were epileptic and 5 of low intelligence; and it is possible that the damage in one hemisphere was responsible for the hemiplegia and in the other for the epilepsy. In two patients the air-encephalogram finding supported this view. In 12, asymmetry between the two hemispheres, taking the form of a low voltage record from the affected hemisphere, was recorded. In some the whole hemisphere was involved and in others the low potential records were focal. In 6 patients the affected hemisphere was silent. These 6 were associated with epilepsy, not easily controlled, and in 5 with severe mental subnormality. A generalized low potential record was obtained in a few patients (Fig. 2a, b) (Woods, 1963) , suggesting that all three factors are evidence of more pronounced brain damage. In 5 patients a wave and spike discharge was recorded but in only one boy was there evidence ofpetit mal attacks.
In 15 patients, spikes were reported and epilepsy predicted where there was a clear negative history of epilepsy. In 9 children, epilepsy occurred later. The fact that the epileptic record was known to the clinician led to rapid institution of anti-convulsant treatment. Six never developed epilepsy and five have been followed to adult life. This raises the This group of spastic cases has the best prognosis for training and education and forms the bulk of the cases of severe spasticity, able to attend a special school for cerebral palsy.
In the first grade (1) there were 24 patients, and 34 electroencephalographic records were obtained: 13 had normal records and 2 were doubtful. All 13 were of good intelligence (one had an IQ of 140).
Three showed evidence ofvisuo-perceptual difficulties which have been described in these children. One boy, who weighed 2 lb. (908 g.) at birth, showed these learning difficulties to a marked extent and had four normal records over a period of four years.
Of the remaining 9 patients who had abnormal The EEG findings were variable. One gave a normal record and this was a girl of above average intelligence who showed interesting visuo-perceptual difficulties. Four gave low potential or electrically quiet records. There were 7 children showing focal spikes and 5 of these had had one or more epileptic fits. The possibility of epilepsy occurring at any time is a serious factor in the prognosis of these children. In one boy who is educationally and physically making good progress, there is deterioration in the EEG records with a spike and wave focus reported for the first time in the left temporal region at 7 years. The significance of this has not yet been determined. The underlying pathology in this interesting group of symmetrical spasticity following a premature birth, with near normal intelligence, has not yet been determined. Abnormality in the EEG record does appear to be correlated with severity of handicap or the likelihood of epilepsy.
DIPLEGIA FOLLOWING SUSPECTED BIRTH TRAUMA.
A further 14 cases followed an abnormal birth, either slight prematurity, breech delivery, twin birth, or pre-eclampsia. In nearly every one there was mild to severe neonatal illness suggesting cerebral trauma. Four of them could be considered bilateral hemiplegias in that one side was more involved than the other and at least one arm was the most severely affected limb. The other 8 were diplegics and clinically similar to the premature group, though 2 were hydrocephalic.
All records were abnormal-A mildly abnormal and 10 very abnormal and showing spikes. Of these 10, 5 were epileptic. Three showed low potential records. One microcephalic, ineducable epileptic girl gave repeated low voltage records. One showed a temporal lobe focus.
Seven of this group were severely mentally subnormal and one mildly subnormal. Yet two children with very abnormal EEG records attended Grammar Schools, and a gross error of judgement was made in one of them by giving a poor prognosis on the basis of an EEG finding.
DIPLEGIA FOLLOWING OTHER CAUSES. There remain 9 patients with varying aetiology: 5 were genetically determined and gave normal records; there were other affected sibs; only the lower limbs were involved.
One boy who had bilateral hemiplegia following a cerebral infection at the age of 1 month, gave two normal records after an interval of five years, suggesting that the cortex was little affected; his intelligence and insight were above normal and he was a stable, mature boy.
There were 3 patients in whom the clinical condition appeared identical with the previous group and yet the birth was full term and the evidence for genetic or perinatal causation was unconvincing. Two gave normal EEG records, one boy having an IQ of 117. One showed marked deterioration in the EEG records with occurrence of spikes and coinciding evidence of some physical and mental deterioration (Table 4) . Ataxias. A further group of cerebral-palsied children are classified as ataxics. They had a defect of balance and co-ordination, but it was not possible to be certain that the lesion was cerebellar in origin. Some showed considerable hypotonia, but a few were hypertonic and could be classified as ataxic diplegics. Two had nystagmus and several showed incoordinated eye movements. Four were epileptic and three ineducable. Of 19 children in this group from whom 36 EEG records were obtained, the aetiology was varied. Two followed measles encephalitis, were ineducable, and gave very abnormal records; 4 were premature and 6 followed a period of neonatal disorder suggesting cerebral trauma; 2 had arrested hydrocephalus. In 5 no apparent cause for the condition was found and all may have been developmental in origin, though one hypotonic child appeared to be deteriorating and had been called psychotic.
As in the group described by Ounsted, the EEG findings varied, but all but four of the records were abnormal. One measles encephalitic child and one presumed post-encephalitic child gave low potential records. Four showed spikes and two of these were epileptic. Eight showed the slow waves in the occipital or occipito-temporal regions, reported by Lesny. Photic stimulation caused no alteration in the slow waves in some patients, and in one patient, eye opening suppressed the waves. These records from 8 patients appeared to be of a different nature from other records in cerebral palsy and may represent a distinct group of cases with dysplasia of the cerebellum. Lesny's cases were confirmed by an air-encephalography which was not performed in this series (Fig. 3) .
Minimal Movement Defect. A number of patients were referred to the clinic with minimal movement defect. There was often evidence of other neurological deficit. Many had been referred through school medical officers, as a child's total handicap became obvious when seen with a group of normal children. The movement defects were such conditions as a mild generalized spasticity, athetosis, monoplegia, or general incoordination. There was often an abnormal reflex pattern such as increased arm and leg jerks and extensor plantar responses. The majority had an additional handicap. Of 24 patients, 13 were of below average intelligence, 4 were epileptic, and 5 had a speech defect, a dysarthria or dysphasia. In a number of patients there was a clear history of perinatal or postnatal illness. In some cases there remained a doubt whether the total defect was organic in origin or emotionally or environmentally determined. An EEG record was additional evidence of underlying brain pathology. Forty records were obtained.
In 4 patients the EEG was normal. All had minimal spasticity and attended school. One had an aphasic element.
The remaining 20 children showed varying degrees of abnormality. Two had electrically quiet records: both had been premature babies and the movement defect suggested minimal athetosis. Five showed immature records for the child's age. There were 13 records that were more abnormal, showing focal or diffuse delta and theta rhythm and, in one case, alphoid rhythm. Seven records revealed spikes and in four of these the children were epileptic.
These very abnormal records emphasized the fact group.bmj.com on June 15, 2017 -Published by http://adc.bmj.com/ Downloaded from that this rather indefinite group of patients contained children with considerable brain disease.
Discussion
From these findings it cannot be suggested that the EEG records give a firm indication of the severity of the physical handicap, the occurrence of epilepsy, or the level of intelligence. But after a full clinical appraisal of the child the EEG has some confirmatory and prognostic value.
A normal record appeared to be related to a mild degree of physical handicap. It occurred in 7 out of 9 cases of mild athetosis, and in only 1 out of 14 with severe athetosis. Similarly, a normal record was obtained in 18 out of 19 diplegics with involvement of legs only, and in 4 out of 28 where all 4 limbs were involved. Normal records were obtained in the genetically determined cases.
Normal records were obtained in only two children who suffered from epilepsy. One was a young hemiplegic boy and the other an athetoid girl, where the mother's history of petit mal attacks may have been misleading. In all types of movement defect the EEG records did not give an indication of the occurrence of epilepsy, but the more abnormal the record the more likely was the incidence of epilepsy. Fits were occurring in patients who, though giving abnormal records, did not show typical spike or wave and spike discharges; and vice versa, epilepsy up to 10 years did not occur in children who gave a record strongly suggestive of epilepsy. The value of these records was the indication they gave that epilepsy might occur and that the patient should be carefully watched and followed up.
The EEG records appeared to be a poorer indication of intelligence rating than of degree of physical handicap or occurrence of epilepsy. An abnormal record frequently did not indicate poor intelligence and vice versa.
The records did not tend to change to any significant degree over the years, which suggests the static nature of the lesions. In 1 athetoid, 5 hemiplegics, and 1 quadriplegic, there were deteriorating records, and in all but the last patient there was accompanying clinical evidence of deterioration.
Of particular interest is the incidence of low voltage and electrically silent records. This finding occurred in all groups but particularly in cases of severe athetosis.
On several occasions a request was made for an EEG due to a severe behaviour disorder in the child. Many of these children show aggressive behaviour and temper tantrums during periods of stress. This has been particularly noted when a younger sib has commenced to walk and overtaken the handicapped patient. In some cases the disturbance has been so severe as to suggest epilepsy, but in no case has there been a change in the EEG recording.
Summary
The results are recorded of 382 electroencephalograms in 206 cerebral-palsied children. The findings have been classified under headings which indicate the movement handicap, athetosis, hemiplegia, diplegia, ataxia, and minimal movement defect.
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